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SUMMARY

This study is project about development of noise measurement
simulator which measure noise and handle by statistical model to
analyze the characteristic of electromagnetic noise. Also, this
simulator extracts and saves parameters from statistical model to
avoid saving enormous measured data. If it is necessary, it can
recover statistical noise model with extracted parameter.

The outcome obtained by the simulator can be explained such as
shortening computing time, reducing error rate, and automatic
extraction substituting a genetic algorithm for a parameter
extraction algorithm. Furthermore, it made everyone can adjust
simulator easily and conveniently by applying grapic user

interface.

Chapter 1. The prolegomenon.

Chapter 2. The overview of electromagnetic noise including
definition, sort, effect, and necessary of analysis.

Chapter 3. The introduction to the algorithm and theory of
noise measurement program that is part of noise
measurement simulator.

Chapter 4. The introduction to the algorithm and theory of



statistical model process program.

Chapter 5. The introduction to the genetic algorithm applied on
the simulator and theory of parameter extraction
program.

Chapter 6. The introduction to the algorithm and theory of
statistical model restoration program.

Chapter 7. The introduction to grapic user interface and its
development tools.

Chapter 8. The conclusion

Additionally, user’s manual of noise measurement simulator is

attached in the appendix.
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6. A% HA} (voltage deviation, impulsiveness ratio index)
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Vv
V, = —201ogvavg 4-7)

rms

N
ot

o & Hx} (average logarithm deviation)

of TehulElE A (4-8)F o], Vi #el olul4(antiog) @I &
Ein

o

b

Astel vlel diE Hg gtel —20 & wF #Ho= FojEnt o] #

A2} S Vi, 4 dB Aol vpehir)

(4-8)

o detulEl 4 (4-9) 9 Pol, FHEGH Fa Aol vel o
A% ol 20 & Fo gtow Aolwd. o] FAF WAL vy S Vi

#kel dB zfo]olHt

Voo
Q= 2010gv—: 20(logVy, —log V) (4-9)

rms
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9, AF ¢HY FHL A} (effective antenna noise factor)

(4—=10) 3 #ol], kT, 7} €A v &9 ggZd 5 AdgS onv|st}
P
f = n 4_10
& KT.B ( )

A7IM, P, S7F FEA HHUEREH A& s W A5 A¥(wl],

k3= Boltzmann 2 [1.38x10723 K11, T, < F&ol Weshs 44

FA71 A5 2= [°K ], B= A=

2
)
10,
k)
tlo
=
12
i
T
N

©
o

4 (4-10)9 B£A dEe] Srb AE e AARRE Y& dEn

T QA oo A (4-11) 3 o] o

f—a (4-11)

AZIA, T,& 71+ 251288 °K | ©]t}.
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F, =10log f, (4—12)

of stetrlel B4 A1 YA Ha he SN ME rold s,
!

P2 912 dole} shul thew Zol BAES 7HTh

L (4-13)
P

2 (4-13)9] BACNAM B3], F

shebel e 7} Bk,

83, h<<a < 1hk F3

2
=
w
=
O
=
al
<
(@)
=
=g
(@)
&,
e8]
=)
=3
(@)
=)
=3
&
i
4
)

VR AFEE Ae, Adr e Aol i e AR ddde

et 2,

E,=F, +20log fyy, + B+95.5 [dBuV/m] (4—14)

E,=F, +20log fy,, +B+99.0 [dBuV/m] (4-15)
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11. € &2 A" (available noise power)

P, =F, + B—10log(KT,)
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f(t)= Z Anexp[j 22—”@ (4—-18)

N=-—o0

7] A,
1 T/2 )
An:_j f(Dyexp| - j 2t |dt (4—19)
T Jd1)2 T,
olty, wd Fu JAdold f)E F7] gl A Gu AukzH el
AZE gt & wl, 1 Fourier W% W 71 9 Fourier WL o539 2

(4-20)3% 2 4-2D) = ¥t

F(w)zj_?(t)exp(—jwt)dt

f(t):%J._ol;(a))exp(— jot)do

A7NM, Fw)E f@t) T3
T o] dA Qe YA
stth. 723l Delta @42 IAE= 9E

AAA DA e "

I [e]
A~ F

flo
td
rir
N
&
&
o,
S
o
H
o

O]EV{} ‘ﬂll/\_ﬂ ;é]]—_%jq_
gz £ ogS AlY Aol: Y wiitold,

el mepe o} RS

%
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— 8t5 W% 3+ (probability density function : PDF)

— 27] A 3 (auto—correlation function @ ACF)

- A5 A% 3 (cross—correlation function : CCF)

— Ay dx AFEZ (power density spectrum : PDS)

— %2 X 3 (cumulative distribution function : CDF)
— XZ 35 B I (amplitude probability distribution : APD)
— H4 ¥ w2E (average cross rate : ACR)

— H2 AHAF X (pulse duration distribution : PDD)

— dA 74 EX (pulse spacing distribution : PSD)

g
kel

O 3L
- e A%

(noise amplitude distribution : NAD)

Bl

(time probability distribution : TPD)

|
o
>
P
i
a
e

=]

& W% 3 (probability density function)

rir

2N A 0T

_55_

Agolts A% #AAY Enr

[4=219 A&71A) A Rl et Ao 3l AL va3 2o




SA% #e 2e dEd 1 27 T g zten S48 AEwe]

v e vadv Aol S 7HE SES dpEta sk, A (4-22)9 pv) =

dp = p(v)dv (4—22)

2 (4-22)9 & WL e O 4 (4-23)0%2 ZAH= st

J‘_:dp:_[z(v)dvﬂ (4—-23)

o] A& Abgdte] ve] WA v, EE AlF

o

42 v tg59 4 (4-
24) 9} A (4-25)% AHolHr},

H3l7] wiol] pv)E vel dste] i,

o agrr gE dE dae A8

Pt o= A1ZF B+t (time mean) 3 3 F 1 (ensemble mean)©] $12.H,
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A (@-26)% ol BHA o t@ o oA A ¢ wE A @
fter) Atole] A4k G55 RO S ol2e A7) 4w F5e Bt
R lim = [ () f ¢+ ) (4—26)
()= fim = [ ) f(t+2)

v}

371 R(r) & E71H Azv 79 5AS 7Estsd w23 o,

RO) & 7t Hit dgs vehdok f) 7 ¢:3] = dos ddshd

)
=
=N

2
30,
2
X

R(r) = R(O)=0°] ¥, F74= 7" 571 T 9 A
Hoj gk et

2YEE g %Y ()T Austel AUEY, #F Bx 47 A,
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3. A3 A#A 3 (cross—corrlation fuction)

A =273 Zol, F Jhe] Az fo ok g Abelel FeE= 9

. 1 "
¢fg(r)=Th_r)r§OEJ‘Tf(t)g(t+r)dt (4—27)

2 U=21L f1) & gt Aol AR Ak ¢ o FERA e
Aoz wrek gt)=f(t) & AFole oo A 4-28)3 2ol g4 (c) 7}

’

Z}7] 73 &4 (auto—correlation function) R(r) &+ 2ol Al .
m ! Tf f d (4—28)
=i —' t) f(t+7)dt
o« (7) T1 X 7T() (t+7)

ft+r)= fOY A ¢ 5 A 9] Fol7] "ol ¢4(0) & A=
f(ty 7F = Wb A#e %9 3y ol HE Aol AeETHE UEE

Zolct,
Wk )b 77 TSz 37 @ed el 4 (4-20)3% 2ol

¥

Fourier 952 X%AE 4 it}
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NEel el A AT BE gy() F oY
NG Amgozny thed A 4-3003% 4 (-3DE T
At

c 2n
B (D) =P += ;Ancos[ T”r} (4-30)
g(t):iB cos{znﬁt—¢> } (4—-31)
n=0 " T "
2 (4-30)3 4 (4-31)9 71 Az AT s deE Tehd,
1< T
Peg(7)=A B +E;AHB cos[ r+¢n—q>n} (4—32)
¥} o] Hr},
71 Az A Faee Ass 22 FUIE e 7] 3R HY
f 2 A o, o #AEE JRE AAAHIA ok 9:(0) v Ee A=
g ol 7z} Fuk ARY NS 2Aste] ¢ Fo FHAIZ AoE H=

Al
al

(4-29)9 F7]

(4-29)



AT 7b5sith 4 (4-32)5 By F7] 4l

RS <
7o B e Ey) S A f(t)ﬂ- g(t)ﬂ 7 =fell BA ] =

4, AY dx AFEZH (power density spectrum)

A8 AFEZ (power spectrum)S 7] A 39l Fourier W3
AAZS o]F 1 glom As AAEH (cross spectrum) I A3 AT sheE
Al Fourier ¥AE o]F31 Ut} ©o] #A+= Wiener—Khintchine A=
Ave o592 2 (4-33)7 (4—-34)9 o] 7=}

- Ay AAEY
cpﬁ(a)):j¢ (t)exp(~jor)dz (4-33)

o ff

- 4 AdEY
Oy(@)=|¢ (Dexp(-jor)dr (4—34)

- fg

Rt 2, A9 AFEY 0y (o) & 43 AFEH 0 (w) & 9 Fourier

Flo

of 27t A7) AT W gy (0) 9 AE AT FF g0 7t HAE A
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ol

g2 E

o] A (4-35) ¢} #o] HFejHtt.

A

3l Wiener—Khintchine

o] &

KeX
=]

t}

(4—35)

2 2
»
vt
S+ (cumulative distribution function)

f(t)exp (—

)
— lim T J'
T oo 0

S(v)

=Ny
ot

S|
Y

=

5.

23!

Nr

o A (4-36)3 ol T 4 Ut

o
=]

t}

(4—36)

I/ AX

3L
=

= AxXHe e A

0| W

o A (4-37)% @},

eR
=

& o

(4—=37)

p(x)7

=LV

CDF(v)

(amplitude probability distribution)

o

B
pip

il
o

B

<
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B
25
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£40]

st2 = APD

= 4%

@ & (error rate)

o g5t

o
=

H (circular arc)

3] (Vg ),

3

b

ol
™

o] 2 (4-38)% 2 (4-

o
=1

F,

g 78

E_j] (Vrms)’ EH‘/I\‘ %ﬂﬂj] (Vlog )
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~ ~
o0 (@)
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o @ 2 o
g E E 8
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A

27 (first—order statistics) &4,
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SEREEECIE
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=
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(4—42) 2}
(4-42)

Al
&l

9

[e)

st v

hyA
ar

(positive crossing) & A|ZtoZ Yo

-

| B

S

<]

3

]"% (average crossing rate)
RTUZS

A

=

el FEk 19 4-1

kol 71%7]
HA X&A7F X (pulse duration distribution)

-

L.

o

8.

il

)

i

gl FErb 19 4-1

He =

o 4 -
(4-43)

[e)

=

s o
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(pulse spacing distribution)

_Z:l
Bl

)
B
pig

N
N

<]
B

Ar

sy et 1d 4-1 3%

ojny

(4—44)

(noise amplitude distribution)

89

A wakE (ACR)

B

I
ﬁo

o7
olm
s
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Y

oH

J)
B
pig

B

ojn
NI

F4 (positive

X

Jol webd et

oo
E X

ol7 A&

.?«
g2l WelA] AY W57} ohjet
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™
=

}

p
Ho

o

level crossing)©]z}t

Lo
SRS

.
= &

Hriko] A3 FHE NAD

44 €]

g Holth,

-

;O,._

o

28]

Al B85 E3X (time probability distribution)

11.

oj
-
<
oV
oV
on
X

B

o
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e by e
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45) ¢} zFo] FeojHdt.

(4—45)

Mo zn

P

£A7F B3 (PDD)Y HA

A]

A

AR

Ela

ALEEE T A

(ACR) ©]

o

B
~d

S

el APD ¢}

= =]
=745

EZ(NAD) =

L

O
]

W2 (ACR) o]
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Agol A o] §H Tt o] w, T3 Y HolHe AR AT
JolEl 2 A (overwrite) H A ™,

o] NE g ¥EE 19 4-3 7 2o BUEH e mAE

!

o] &

1o
=)
N
)
e
)
=)
d
=2
™
M
fo
i
S
bl
o,

—

1Ol x|
B File Frequency Amplitude Measure Window 2] x|

i L e e R e R e A B e ]

APD wE

- 44,65 dBm

—45,04 dBm

—-47.43 dBm|

[1043:17PM
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dHAA A FHY AE FE FE(APD) A FetrElE FE5H]
el A =7kA = Middleton ©] A|Rbgh WH-E ARE-8HITE Middelton
Fael A deEa A7 FA g E Abolo] AN Fe= A, B,
C Hoz ®Fsto], z7+7+9 TH¥E APD Ao z¥RE Eg# o2
AAG M WwHer A w2 3 719 devlE, B 52 6 78] detrlE,
F& A e el (A Fol SAsE 37K, B 7ol $-Askd 6 ) E
A8 Z ¢ (trial and error) o2 FZaHg P~

aEv Al Fee g o] mebulE] FERR] hEshy] wite]
Middelton ©] Atet W3 o] /9 Twa WroA FEHE
FEstolop sh, stetule FE Aol ol Arla FEFF FHEtv|Ezb
= # A3 (local optimization)d 7hsAdo]l Sth= wio] Qlvh g
st AnE HHa ol g¥gE dAsr] wdel deEtvE &
A3kt wlg- oAV Hla&He] At

A ATl e e 54 AlEdolH e fAA dags
(genetic algorithm)olzh=  #HA st 7IME  Abgste] /&9 &
ZYPogRE dHuEE FEIUL o] FHA duFE Feo TF
TFglo] Tl HEtnlE FFo] Jheskn, sebu|Ele] 19 H A 3} (global
optimization) 7} Al =w, HAFE ] ot FF H2 AFsrt steet

AR 7Hx 3 Q) [10]~[13].

o
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Receiver

A

Y

Narrow Band

Desired Signal O——— +

Y

Af,

 J

Class A AfN < Afﬂ

Ay Class B @ Afy > Afg
Interference Class C : Class A + Class B
Source

(1" 5-11 gl A7)l dish F59 .
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e BE REE 2 W Fede]l EAT W, 34g VL /1ER

E, Bt} & &% X ¢4 (PDF : probability distribution function)

R(E>E))asT
P(E>Ey)as =1- EOJJl(rEO)ﬁl(ir)dr (5-1)
0

9 e},

01714 J, & Bessel #Fola, i w9 WE, r & B4 359 uA

0 Am
2. -A oo, A
Fi(in,g = e 2 x
i ZO m! (5-2)

exp[—{m(B3,)/2 + od}r?/2-{1+0(r*)}]
F(iMNge = exp[-baA, gr* — Acir?/2] (5-3)

~byg r?/2
T gdr?/2] x

[1+0(r?, r*)]

oY - . _AooB
FOr)egw-n =€ " exp[A, e (5—4)



-
L.

A

BOA

LHERL

23 B4, b,

-
L.

UERAT 0(x)

e

]

%9 %

MICEE]

47t 35

(5-2), 4 (6-3), 4 G6-HF

Al
al

(5-5)

Aporp = {292(14'1—”)}_”2

(5-6)

c=ak,

o1 714

21 (5=4) oA r=ai7} HH,

2 (5-3),

2 (56—-2),

Al

o

oy

Ton

(5-7)

Ji(Aeg) Fi(iad), gdd

0
0

P1(5>50)A,B
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A F AReel W SAES A 6-2F A (-5 o8 Aitssd

. _ A
F(ir), =e ™ Z?’:exp[—&mauz/z] (5-8)

A7 262, =(m/A +T)/(1+T) o1, A, T = 2+ dFA~ AF,
7b-2—-dE A vE YERdTh
21 (5=7)°l 4 (5-8) ul¥3stal, confluent hyper—geometric <

i, 2, =x) = (I—e™)/x 2 AHg3te] ARsd AE 28 BT F5e

0 m 6‘2 —6‘2
-A A 0 0
Pi(e>gg)p =1-¢e " oy il 2, e ]
=0 ' mA mA
(5-9)
=e exp[———]
m=0 ! 2O-mA
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o ol \/—— Ar=0.5
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-60 ol v e
16°10°.1 1 1020 40 &0 80 90 95 48 93 16161 1 1020 40 & B0 90 95 38 99
P, (2 >E,) Bile 3.
(@ Iy W3 (A,=0120 F) (b) A, W3 (I'y=10"21 %)
(2% 5-3] Aw Fael dst & 2.

2 (6-9) A A E LABAIZ AdHClA Ty & W3A7IE I3 5-3 ¢

(@) e} Zo] 1 7} A2l me} Rayleigh 3 410] Fashs 545
UebH, Ty 5 2GAZ AHedA A S A7 dEAd Hae IAF

et

$5 $EE 29 5-3 9 O 2ol A, mdAste] Fss S4L

o
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Y. Be =9 A4 23

B gee F A g 191 = &

Ju
i
g
I
ol
12
1o
it
ox.
2
5
rlr
1>

(5-=3), & (6-4) % &k o] =M A, gE TS VI T dEXA

A Ag 2 ZARBHAIRL § A atsleb,
B (iN@ien = & "exp[Age P * 7 524222/ 2] (5-11)

n=0 (5-12)

A71M &,=(g,N;)/2Gg, A,=A,/2°GZo]l™, N, scale factor, Gy =

el 39S vehch

tlo

o A&

ok
£
rlr
4
o

Confluent hyper—geometric &<+ B & #
Fol g8 x2>10A4 v o] ZAAIZA 4= Q)
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Hp=a (5-13)
a(a+1)(a—ﬂ+1)(a—ﬂ+2)}

Fila, B -x) = Mx—a.[l+mOf—_/3+D+

X

Al
al

5-13)= 2

B ¥ ®ed 99 1

ol A
Eyp>Ep 7(:)]’?401] T/H:l_ Q% ik 6\:]!-'}l: Pl(é>éo)3_| 7]’ 01‘_4'01;1(_]_]—4_
S AL (DA D(1+a/2)
nz; n! r(1-a/2)
oo | U @n/A@n | (5-14)
2¢

for g5 >>1

Tt F I o dEiAe= A G-l 4 G-1D)S AT =ZHN

Pl(é>&))pn s ¥ & AUt

(5—-15)
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3. F= T¥E HEvH

AR RS
JolAd e wheh ol A F g9 =

JolE = H-E 3t

1o
o

FHe 4 (5-9)e] e
9

ad dEE A,

oX)

L
dlo
o
N
2

b

ot

ftlo

<
n)

o =
=

T e IHER Fees 574

ARG F, 1 FAH 2F7 A (5-9)7h AAFES

- 1o

M, o, % A4 3709 &4 shebo)es
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